ABSTRACT
INTRODUCTION
In this study we reinvestigate the south-eastern distribution of Apis mellifera, in an area of specific interest. The South-Eastmost region of Iran, SistanBelutschistan, forms a land strip of about 1100 km, which stretches from Zabol bordering Afghanistan in the North, along the border of Pakistan to Chabahar in the South, at the Golf of Oman (Fig.  1) . It covers an area of about 181578 km² inhabited by about 2.4 m people. Little is known about honey bees and beekeeping in this region dividing the distribution ranges of A. mellifera and A. cerana without any apparent overlap. According to Ruttner et al (1985) , the most eastern A. mellifera were found close to Dalfarh (28°58N 57°38E) in the district of Kerman, located west of SistanBelutschistan. They reported that there were no A. mellifera bees in Sistan-Belutschistan due to its extremely dry desert climate, but reported the presence of the dwarf honey bee, A. florea. More to the East, from Pakistan and Afghanistan onwards, the Eastern honey bee, Apis cerana, is found. Fig. 1 The south-eastern boundaries of the A. mellifera distribution area, as well as the west-eastern boundaries of A. cerana, modified from Ruttner et al. (1985) . The blue symbols give the hitherto eastmost sampling locations of A. mellifera, green symbols the westmost of A. cerana. Red symbols show the sampling locations in this study. No A. mellifera bees were found at Charbahar.
In this study, a reinvestigation of that Eastern limit of A. mellifera distribution range was undertaken. In a sampling excursion in 2005, we found that quite some beekeeping takes place in the area. beekeeping had been performed using common clay pot hives, but at that time the about 3.000 colonies were kept modern Langstroth hives. A wide variety of plants are visited by the bees for honey and pollen. Bees are prone to swarming, and are fairly defensive. Common natural enemies of the bees were Beewolves (Philantus spec.), bee eaters, and ants. In 2015, Rahini undertook a mtDNA study on A. meda including 3 sample locations of bees in Sistan-Belutschistan. In the current study we present a detailed morphometric study of these bees, and explore their morphological relation to other bee subspecies.
MATERIALS AND METHOD
One of us (Pour Elmi) collected Apis mellifera honey bees from 7 colonies in the region. In 2005, four locations were visited. From South to North: no A. mellifera bees were found at Chabahar (Bandar Beheshti, (25° 17´N 60°36´E, altitude 0 to 100 m), 3 samples were taken from Iranshahr (27°10´N, 60°38´E, altitude 660 m). 1 from Khash (28°13´N, 61°11´E, altitude 14900 m, and another 3 from Zahedan (29°30´N, 60°50´E, altitude 1384 m). Mean annual temperatures were high in all locations (20-28°C) with average July temperatures between 27-34°C). Average rainfall is generally low (<110 mm/year), humidity is high at the coast (85%, Chabahar), but low within the inland (25 to 50%). A.florea was noted in all locations except Zahedan. Sampling beeyards were selected where beekeepers were not engaged in breeding, and did not move their colonies. Each sampled colony was at least 30 km distant from any other to avoid close relatedness. At least ten worker bees were taken from each sampled colony, and were stored in 95% Ethanol for later analysis.
10 worker bees per colony were analyzed according to the methods described in Ruttner (1988) , using 37 morphometric characters (16 sizes, 7 colors, 3 pilosity, and 11 wing angles). Measurements of size and wing venation were performed using a stereo microscope and a computer-aided measuring system based on a video system and measuring program (Meixner 1994) . For measurements of pilosity and color scaling a stereo microscope was used. To determine the morphometric position within the species, data from 67 samples of A. m. meda and 128 samples of other adjacent subspecies were obtained from the Oberursel data bank. Results were analysed by discriminant analysis and UPGMA Cluster Analysis using SPSS 23 (2015) .
RESULTS
A selection of morphometric data are listed in Table  1 , together with Oberursel data bank data for the most relevant subspecies and A. m. meda subgroups. Due to low numbers of colonies sampled in Sistan-Belutschistan, sampling locations were not differentiated. The honey bees of SistanBelutschistan were small in relation to most of the other bee groups, and differed highly significantly in almost all length measurements from the data bank measurement of A. m. mellifera, A. m. carnica, A. m. caucasica and A. m . anatoliaca (univariate comparisons with LSD post-hoc comparisons), but were similar in size to A. m. syriaca. However, they were markedly bigger than A. m. jemenitica, where all size measurements were significantly smaller. They were also slightly smaller in relation to other meda groups (Iran central, Iran North-East (NE), Iran South-East (SE) Iran Mazandaran, and Irak, but only about half of the measurements were statistically different. In particular, they were very similar to the other meda groups in the waxmirror dimensions and the metatarsal length and width. An outstanding character was wing dimensions. While wing length ranged similar as other length measurements, wing width measures were significantly higher in comparison to all other groups except A. m. carnica and Iran NE. Consequently, forewing index (length/width) was significantly higher in all comparisons. SistanBelutschistan bees did not show an exceptional position in relation to the other groups in slenderness (lengt/width of sternum 6) nor in the relation of body size to leg length.
Hairlength was significantly shorter than in all the other bee groups, with the exception of A. m. jemenitica where it was significantly shorter. In discriminant analysis, when entered as an own group the bees from Belutschistan were positioned adjacent to the A. m. meda groups (Fig. 2 a) , with some affinity to A. m. syriaca or A. m. anatoliaca. They were distinct enough from all other groups that each sample was reallocated to their own group with very high probability (P>0.9995). When entered as unclassified samples, all were assigned with very high post-hoc probability to A. m. meda (P>0.9995 in all but the sample from Khash, where P was 0.996).
A separate discriminant analysis of the SistanBelutschistan samples together with the A. m. meda groups alone again emphasized the comparatively high distance of these bees from the other groups, predominantly because of their smaller size reflected on discriminant function 1 (Fig 1b) . As ungrouped samples, all SistanBelutschistan samples were allocated to the Iran SE group with very high probability (P>0.9995), except one sample from Iranshar which was allocated to the Irak meda group with lower probability of P=0.965). A cluster analysis based on of group means of znormalized character data also showed the SistanBelutschistan bees to be closely linked to the A. m. meda cluster (Fig. 3) . Again they had closer affinity to the Iran SE group, and from the other subspecies they were next linked to A. m. syriaca, then to the A. m. anatoliaca / A. m. caucasica cluster, and then to A. m. carnica, to A. m. mellifera followed at some distance by A. m. jemenitica. Table 2 gives an excerpt from the distance matrix reflecting the Euclidian distances from Belutschistan bees, similarly showing the relative closeness to A. m. meda groups, to A. m. syriaca, followed by the other subspecies with A. m. jemenitica placed furthest away. Table 2 . Euclidian distance from the Belutschistan group based on z-normalized character data.
Euclidian distance

Group Belutschistan
A . m. mellifera 10,487 A. m. carnica 9,465 A. m. caucasica 9,721 A. m. anatoliaca 7,628 A. m. syriaca 6,741 A. m 
DISCUSSION
In this study we investigate the honey bees (A. mellifera) at the south-eastern distribution boundary of Apis mellifera, in an area of specific interest due to its vicinity to the distribution area of the Eastern honey bee A. cerana. These sampling positions were approximately 300 km east of the currently most eastward sample of A. mellifera, at Delfarh (28°58N 57°38E) in the district of Kerman, which had been morphometrically analyzed by Ruttner et al. (1985) . No bees had been suspected by these authors because of the extremely hot and dry desert climate generally adverse to beekeeping. This hot desert strip constitutes the separation line to the beginning of A. cerana territory in Pakistan, the width of which has thus been reduced by about one third until the next record of A. cerana at Thari (Pakistan, 34°30' N 64°51' E), but possibly the distance of separation might be even less. It might be not impossible but unlikely that there is any overlap between the species as the separating region is extremely unhabitable. The geographic situation is sketched out in Fig 1, based on Ruttner et al. (1985) .
At the same time, the bees of Sistan-Belutschistan enrich the spectrum of A. m. meda by a subpopulation of clearly deviating properties. Apis mellifera meda, distributed throughout Iran, was first described by Skorikov in 1929 (Ruttner 1988) , for a small location in its northern range. The first more detailed investigation by Ruttner et al. (1985) still remains the main reference in which, based on 63 samples from Iran, they roughly outlined the approximate distribution limits. They further identified 5 discernible subpopulations in Iran (West and central Iran, Mazandaran, Northeast Iran and South-east Iran) but also extensions into Iraq and Southeast Anatolia. This work was later supplemented by Ftayeh et al. (1994) , who clarified the distribution limit into northern Syria, and by Ruttner et al. (2000) showing altitude-related clinal variation pattern along the 36°N latitude up ad down the Elbrus Mountains to the Caspian sea. Later, Adl et al. (2007) Dolati et al. (2013) further differentiated Iranian A. m. meda into 9 subpopulation by geometric wing analysis. All these investigations were based on morphometry, but were recently supplemented by a few molecular studies, mostly restricted to partial areas (Kandemir et al. 2004 , Rahini 2015 . However, the complete amount of variation within A. m. meda and its geographical the pattern still needs to be sorted out, which is beyond the scope of this paper.
Discriminant analysis, as well as cluster analysis, clearly confirmed that Sistan-Belutschistan bees belong to A. m. meda, in spite of quite some deviations which in part may be interpreted as adaptations to the extremely dry-hot climate. Some particular features set them apart, which are small size (but bigger than A. m. jemenitica), light coloration particularly of tergite 4 which was lightercolored than in any of the other groups, and extremely short hairs. A distinctive trait is the relatively broad wings, and some extreme wing angles (A4, O26, b4, G18 and K19 which might be resulting from general wing shape. While distinctly different fro all other A. m. meda populations, Sistan-Belutschistan bees were closest related to the most adjacent South-Eastern A. m. meda population. Next to the A. meda population SistanBelutschistan bees were most similar to A. m. syriaca with resemblances in size and pigmentation. An mtDNA analysis including bees from Sistan-Beluschistan (Rahini, 2015) had showen their membership to the evolutionary C line, thus supporting their status within the A. m. meda subspecies.
